A low-cost Raster Engine (RE) is designed and implemented to improve the performance of 3D computer graphics and image composition application for video games, multimedia PCs and interactive TVs. Three operation modes: Gouraud and Phong shading algorithms, and image composition are incorporated in t h~s chip. Modified digital differential analyzer (DDA), 2-level pipeline, and constant execution time for calculating cosn 0 are proposed as the features of this design. The accelerator is implemented by 0.8um SPDM CMOS VLSI technology and able to release more then 50% CPU loads.
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INTRODUCTION
The multimedia system plays a more and more important role in consumer electronics, especially in video games, multimedia PCs and interactive TVs. It integrates text, graphic, video, image, and audio signals. In order to handle many various signals, the multimedia system must deal with a huge amount of operations in a short period of time, especially rasterization in 3D computer graphics. Since the rasterization of 3D computer graphics is massive and regular , it is suitable to be executed by specific hardware. However, the former approaches are usually very expensive , like totalhardware-solutions[ 1,2], or dedicated hardware working with a host CPU [3, 4] ; hence, a low-cost, PC-based graphics subsystem is proposed in this paper, called raster engine (RE) 3D computer graphics objects are modeled by geometric primitives, like triangles or polygons. Each primitive is made of several scan-lines; a scan-line is made of many pixels. Therefore, rasterization is the process of calculating pixel values from geometric primitives. Gouraud shading and Phong shading algorithm have been developed for rasterization. Gouraud shading applies the local reflection model [5] at each vertex of the primitive for computing intensities; then, linear interpolation is utilized to produce the intensities in primitives interior. However, the scheme can not cope well with highlight. On the other hand, Phong shading is known as a normal-vector inter-polation algorithm. The local reflection model is employed after interpolation, therefore the highlight is well solved [6] . RGB a composition [7] is another useful scheme to improve the performance of multimedia system. it is a good way to combine multiple video sources into a single image.
In order to dominate RE chip, the host CPU provides necessary parameters, then RE runs in its own sequence to perform Z-buffered Phong shading, Z-buffered
Gouraud shading or RGB a composition.
ALGORITHMS IN RE
Digtal Merentia1 analyzer (DDA) [5] is nowadays in widespread use for calculating the intensities of pixels on scan-lines in Gouraud shading, as illustrated in The local reflection model [5] calculation is necessary for each pixel in Phong shading theoretically. There are many numerical operations in local reflection model, which is shown following:
a X K f l + [ I ,~K~( c o s a ) + I j X K , ( c o s /3)n]
la : intensity of the ambient light The distance (LJ from the light source to the pixels will be almost equal in a local area if the light source is far enough. We can easily control the introduced error by updating I LI when error value is larger then threshold value. Therefore, approximated Phong shading is realizable. Table 1 shows the operations needed to render a 10 X 10 polygon with gloss n=4. 
HARDWARE DESIGN
The block diagram of RE is shown in Fig. 2 . The control circuit is realized by 3-level finite state machine (FSM), which not illustrated in following block diagram. The RE is designed and implemented by using ITRVCCL 0.8um SPDM CMOS cell library in OPUS environment. The gate count of the RE chip is about 22K, and the die size is about 7684.5 um x 7444.8 um. Photograph of this chip is in Fig 5. The simulation results show that the system can operate up to 50 MHz. As the result, the pixel update rate is 6M pixels per second for composition and Gouraud shading, and 3M pixels per second for Phong shading. Thus, 30K 10 X 10,Z-buffered Phong shading polygons per second or 60K 10 X 10, Zbuffered Gouraud shading polygons per second is possible.
CONCLUSION
In this paper, we have propose a low-cost, PC-based raster engine to enhance the performance of 3D computer graphics and image composition in video games, multimedia PCs and interactive TVs, which can reduce huge amount of computation without sacrificing the image quality. This chip is designed, verified, and fabricated in TSMC, Taiwan. 
